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7KLVSURMHFWEHORQJVWRWKHILUVWFDWHJRU\%DVHGRQWKHIDFW WKDWD ORWRI OLYLQJWKLQJV LQDQ\FDVHWKHKLJK
HYROYHGRQHVRQHDUWKPDLQO\EDVHWKHPVHOYHVRQWKHLUYLVLRQIRUWKHLUGLVSODFHPHQWLQWKHUHDOZRUOGHYHQLQVHFWV
GRWKDW  LW LVVXUHO\SRVVLEOHWRGHYHORSDYLVLRQEDVHGV\VWHPWKDWZRXOGDOORZDPRELOHURERWWRQDYLJDWH LQUHDO
ZRUOGXVLQJDYLVXDOIHHGEDFNIURPDFRORUFDPHUD7KHFXUUHQWZRUNWDNHVSODFHLQDZLGHUSURMHFWWKDWGHDOVZLWKWKH
GHYHORSPHQWRIDQHZYLVLRQEDVHGURERWLFV¶VHQVRUZKRVHDLPZRXOGQRWEH WRUHSODFHDOORWKHUVVHQVRUVEXW WR













JDWKHU LQIRUPDWLRQDERXW WKHLU HQYLURQPHQW ,QGHHGEHHV IO\LQJ LQ D FRUULGRU IRUH[DPSOH HTXDWH WKHRSWLFDO IORZ
PDJQLWXGHVRQHDFKVLGHRIWKHLUKHDGLQJWRVWD\DSSUR[LPDWHO\LQWKHFRUULGRU¶VFHQWHU>@>>@LQVHFWVXVHRSWLFDO
IORZWRFRQWUROWKHLUVSHHGDQGPRYHPHQWLQREVWDFOHDYRLGDQFHDQGKXPDQVHHPWRXVHLWWRR>@
0RVW RI WKH UHFHQWZRUNV RQRSWLFDO IORZ FRQFHQWUDWH WKHPVHOYHV RQKDYLQJ WKHPRVW DFFXUDWHPRYHPHQW
UHSUHVHQWDWLRQZLWKDKLJKUHVROXWLRQWREHDEOHWRUHFRQVWUXFWJHRPHWULFGHWDLOVRIWKHUHDOZRUOG7KHVHZRUNVZKHQ
WKH\VXFFHHGKDYHWKHGLVDGYDQWDJHWRQHHGDORWRISURFHVVLQJSRZHUDQGRUWREHXQXVDEOHLQUHDOWLPHDSSOLFDWLRQ
OLNH URERWQDYLJDWLRQ WKXVZHQHHG WR ILQGDPHWKRGDOORZLQJXV WRXVHRSWLFDO IORZ LQD UHDO WLPHPDQQHUDQG WR
H[WUDFWIURPLWXVHIXOLQIRUPDWLRQIRUURERWQDYLJDWLRQ:HGRQ¶WZDQWWRIRFXVRQTXDQWLWDWLYHGLVWDQFHPHDVXUHPHQWV
DQGJHRPHWULFDOUHSUHVHQWDWLRQVRIWKHZRUOGEXWVLPSO\WDNHWKHTXDOLWDWLYHPHDVXUHPHQWVIURPRSWLFDOIORZDQGXVH










7KH ILUVW VWHSRIRXU FXUUHQWSURMHFWZLOOEHJLYHQRXUPDWHULDO UHVWULFWLRQV WR ILQGDPHWKRG WRH[WUDFW LQD
TXDOLWDWLYHZD\WKHPRYHPHQWRIDFDPHUDLQVSDFHRQWKHRQO\EDVHRIRSWLFDOIORZ7KHQZHZLOOXVHWKHVHUHVXOWV










IRXQGRQ WKH KREE\LVWPDUNHW &HUHEHOOXP KDQG\ERDUG« DQG WKH URERW FKDVVLV FRQWDLQV QR VSHFLDOPHFKDQLFDO
SDUWVPRWRUVDUHPRGLILHGVHUYRV

)RU WKHFRQWLQXDWLRQRI WKLVSDSHUVHFWLRQZLOOGHVFULEH WKHH[LVWLQJZRUNRQ WKHRSWLFDO IORZEDVHGURERW
QDYLJDWLRQVHFWLRQZLOOGLVFXVVWKHH[LVWLQJPHWKRGVIRUFDOFXODWLQJRSWLFDOIORZDQGSUHVHQWWKHRQHZHXVHVHFWLRQ






PHWKRGV IRU FRPSXWLQJKLJKGHILQLWLRQDQGKLJK UHOLDELOLW\ RSWLFDO IORZ6WDQGDUG WHVW VHTXHQFHV KDYH EHHQ VHW IRU
WHVWLQJRSWLFDOIORZFRPSXWLQJPHWKRGV+RZHYHURXUDLPLVQRWWRLQYHQWDQHZPHWKRGIRUFRPSXWLQJRSWLFDOIORZ
EXW UDWKHU WR ILQG RXW DPRQJ DOO H[LVWLQJPHWKRGV WKH RQH WKDW FRXOG EH XVDEOH LQ RXU SURMHFW %DUURQ )OHHW DQG
%HDXFKHPLQ >@ KDYH PDGH D ORW RI ZRUN RQ HYDOXDWLQJ DQG GHVFULELQJ DOO H[LVWLQJ WHFKQLTXHV 3 *ROODUG KDV
SUHVHQWHGLQKHUWKHVLV>@DWHFKQLTXHXVLQJFRORUVWRHVWLPDWHRSWLFDOIORZ7KHLQWHUHVWLQJSRLQWLQWKLVSDSHULVQRW







WKDW DUH LPSRUWDQW IRU RXU SXUSRVHDQG WR XVH WKLV LQIRUPDWLRQ DV RXU JXLGH IRUPRWLRQ´ 7KH\ FXUUHQWO\ KDYH WZR
SURJUDPVDYDLODEOHWKDWKDYHEHHQGHVLJQHGWRXVHRSWLFDOIORZLQIRUPDWLRQWRDYRLGREVWDFOHVFDOFXODWLQJWLPH





































































IORZZLOOEHQRQ]HURIRUHYHU\SRLQWRI WKHEDOOZKLOHWKHRSWLFDO IORZZLOOEHXQLIRUPO\]HURDVWKHEULJKWQHVVRI WKH
VFHQHGRHVQRWFKDQJH%XWLIZHWDNHWKHVDPHVFHQHZLWKDVWDWLRQDU\EDOOEXWDPRYLQJOLJKWVRXUFHWKHUHVXOWVZLOO
EHWKHH[DFWRSSRVLWHQRQ]HURIRUWKHRSWLFDOIORZDQG]HURIRUWKHLPDJHIORZ6RILUVWSRLQWRSWLFDOIORZLVJUHDWO\







$OO HTXDWLRQV SUHVHQWHG LQ WKH IROORZLQJ FKDSWHUV  ±  FRPHPDLQO\ IURP >@ >@ DQG >@ 6RPH
VKRUWFXWVKDYHEHHQPDGHDVWKHPDWKHPDWLFDOSDUWRI WKHRSWLFDO IORZFRPSXWDWLRQ LVQRWP\ILUVWFRQFHUQEXW WKH
UHDGHULQWHUHVWHGLQIXUWKHUGHWDLOVVKRXOGUHDGWKHJLYHQUHIHUHQFHV

7KHUH DUH WKUHHPDLQ IDPLOLHV IRU FRPSXWLQJ WKH RSWLFDO IORZ WKH ILUVW GHDOV ZLWK SDWWHUQ PDWFKLQJ WKH
VHFRQGDUHIUHTXHQF\EDVHGPHWKRGVZKLFKXVHHQHUJ\SKDVHLQIRUPDWLRQLQWKHRXWSXWRIYHORFLW\WXQHGILOWHUVDQG
WKHWKLUGIDPLO\LVJUDGLHQWEDVHGPHWKRGVZKLFKFRPSXWHLPDJHYHORFLW\IURPVSDWLRWHPSRUDOLQWHQVLW\GHULYDWLYHV
7KH SDWWHUQ PDWFKLQJ PHWKRG LV VWUDLJKW IRUZDUG WR XQGHUVWDQG 7KH IUHTXHQF\EDVHG LV IDU WRR PXFK





























































VPRRWKDQG WKHUHIRUH WKDW WKHRSWLFDO IORZ LWVHOI LV UHODWLYHO\ VPRRWK+RUQ	6FKXQFNZKRDUH WKH ILUVW WR
PDNH WKLV DVVXPSWLRQ >@ XVHG WKH VTXDUHPDJQLWXGH RI WKH YHORFLW\ ILHOG JUDGLHQW WR PHDVXUH WKH ILHOG
































2IFRXUVHVRPHSHRSOHXVHGDGLIIHUHQWPRGHO IRU WKH ORFDOEHKDYLRURI WKHRSWLFDO IORZDQGGRQ¶WDVVXPH









































































FKRRVH D ZD\ WR DGG FRQVWUDLQWV WR RXU V\VWHP DQG DW ILUVW ZH IRXQG WKDW WZR DSSURDFKHV ZKHUH VXLWDEOH WKH
QHLJKERUKRRGVDPSOLQJDSSURDFKDQGWKHPXOWLSOHFRQVWUDLQWDSSURDFK
7KH QHLJKERUKRRGVDPSOLQJ DSSURDFK VHHPV LGHDO EHFDXVH LW LV WKH PHWKRG ZKLFK FRQVXPHV WKH OHVV
FRPSXWDWLRQSRZHU$VZHZLOO VHH ODWHU LQPRUHGHWDLOVJLYHQDQHLJKERUKRRGZHRQO\QHHG WRFRPSXWH WKH ILUVW
SDUWLDOGHULYDWLYHVRIWKHSL[HOYDOXHVEHORQJLQJWRWKLVQHLJKERUKRRGDQGVROYHRXURSWLFDOIORZHTXDWLRQVE\DSSO\LQJ
VLPSOHPDWKHPDWLFDORSHUDWLRQVQRDOJHEUDQRPDWUL[HVRQO\VLPSOHRSHUDWRUVRQVXPVRIWKHVHGHULYDWLYHV:HGR
QRW UHDOO\QHHGDQ\SUHILOWHULQJ6RZHFDQVD\ WKDW WKHQXPEHURIRSHUDWLRQV UHTXLUHG IRU FRPSXWLQJRSWLFDO IORZ
XVLQJWKLVPHWKRGZLOOEHOLQHDUO\GHSHQGHQWRIWKHQHLJKERUKRRGVL]H+RZHYHUWKLVDSSURDFKKDVWKHGUDZEDFNWKDW
WKHDVVXPSWLRQPDGHDERXWWKHFRQVWDQF\RIWKHILHOGLVUDUHO\WUXH
2Q WKH RWKHU KDQG WKHPXOWLSOH FRQVWUDLQW DSSURDFKZRXOG KDYH DOORZHG XV WR XVHPRUH DGYDQFHG FRORU
LQIRUPDWLRQGLUHFWO\IRUH[DPSOHE\VHWWLQJWKHFRQVWUDLQWHTXDWLRQVDVWKHKXHDQGVDWXUDWLRQYDOXHVRIWKHLPDJHDV
RQHNQRZVWKDWWKHKXHDQGVDWXUDWLRQYDOXHVRIDSL[HOGRQRWGHSHQGRQWKHOLJKWQLQJFRQGLWLRQVRUDWOHDVWWRWKH




7KHFKRLFHZHPDGHZDV WR ILUVWJRRQE\XVLQJ WKHQHLJKERUKRRGVDPSOLQJDSSURDFKDQG ILQGDZD\ WR
DOORZLWWREHXVHGQRWRQO\RQWKHLQWHQVLW\JUD\OHYHOLPDJHEXWRQDOORIWKHFKDQQHOVUJRUERIDQLPDJH,Q
IDFWZHIRFXVRQWU\LQJWRILQGDQLQWHUHVWRSHUDWRUZKLFKFRXOGWHOOXVRQZKLFKSL[HORIDVHOHFWHGDUHDRIWKHLPDJH






7KHQHLJKERUKRRGVDPSOLQJDSSURDFKPDNHV WKHDVVXPSWLRQ WKDW WKHRSWLFDO IORZ LV FRQVWDQW LQVLGHDQ[Q
QHLJKERUKRRGRIDVFHQHEXWZHNQRZWKDWLIDQREMHFWLVPRYLQJLQDVFHQHWKLVDVVXPSWLRQZLOOEHWRWDOO\ZURQJDW
LWVERDUGHUVVRZK\GRZHXVHWKLVDSSURDFK",QIDFWLQPRVWFDVHVRIDPRELOHURERWQDYLJDWLQJLQDUHDOZRUOGWKH












WKHP JLYLQJ XV DQ RSWLFDO IORZ YHFWRU 7KLV FKRLFH LV SXUHO\ DUELWUDU\ EXW SURYHG WR EH JRRG:LWKLQ WKHVH  VXE
LPDJHV ZH ZLOO VHDUFK IRU RXU LQWHUHVW SRLQW DQG FKDQQHO DQG FHQWHUHG RQ WKLV SRLQW ZH ZLOO SXW RXU Q[Q
QHLJKERUKRRGRQZKLFKWKHQHLJKERUKRRGVDPSOLQJDSSURDFKEDVHGRSWLFDOIORZZLOOEHFRPSXWHG

1RZFRQFHUQLQJ WKHFRPSXWDWLRQRI WKHRSWLFDO IORZ LWVHOIZHNQRZ IURP WKDWZLWK WKHQHLJKERUKRRG





ZKHUH∇( DQG (W DUH FRPSXWHG DW; ; «;Q7KHUHIRUH WKH RSWLFDO IORZ FDQ EH HVWLPDWHG ZLWKLQ 1 DV WKH


























































































































































































































































































































































6XELPDJH $V WKH VWDUW
LPDJH LV [ WKH
VXELPDJHVZLOOEH[
6HDUFK DUHD LQ ZKLWH ZH
KDYH KLJKOLJKWHG WKH
FDQGLGDWH IRFXV SRVLWLRQV
 RI DOO SL[HOV 7KHVH
SL[HOV DUH WKH SRVLWLRQV RQ
ZKLFKWKHLQWHUHVWRSHUDWRUV
ZLOOEHDSSOLHG
7KH IRFXV FHQWHU RI RXU
Q[Q QHLJKERUKRRG DJDLQ
QRW VKRZQ WKH SDUWLDO
GHULYDWLYHVQHHGHG IRU WKH
RSWLFDO IORZ FRPSXWDWLRQ
ZLOO EH FRPSXWHG IRUó RI









7KH LQWHUHVW RSHUDWRUV DUH DSSOLHG DW HYHU\ SL[HO ,- EHORQJLQJ WR WKH
FDQGLGDWH IRFXV SRVLWLRQV LQ WKH VHDUFK DUHD ZKLWH VTXDUHV RQ WKH ILJXUH















 Y ,Z -] ,W -
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 IRU[ Y[≤][ [
 ^
  IRU\ Z\≤W\ \
  ^      






















































   (YDOXDWHDOOSDUWLDOGHULYDWLYHVDWSRVLWLRQ[\RQWKHJLYHQFKDQQHOIRUPXOD









































































$ ! '	 
0RYHPHQWUHFRYHU\RIDFDPHUDLQVSDFHRQWKHEDVHRIWKHRSWLFDOLQIRUPDWLRQKDVWRGHDOZLWKWKHSK\VLFDO





























































PDWFKRXU FXUUHQW UHDO YHFWRU ILHOGZLWK WKH LGHDOL]HGRQHV7KHFRPSDULVRQ LVPDGHRQ WKHEDVLVRIDQJXODUHUURU
EHWZHHQ DFWXDO YHFWRUV DQG WKH FRUUHVSRQGLQJ LGHDO RQHV 0RUHRYHU WKH LQIRUPDWLRQ JLYHQ E\ WKH ERXQGLQJ ER[
PHWKRG DOORZ XV WR SXW PRUH ZHLJKW RQ VRPH PRYHPHQWV¶ FRQILGHQFH =IDFWRU RU WR DYRLG FRPSXWLQJ VRPH
FRPSDULVRQ7KXV LIZHDUH LQFDVHZHFDQVHWD UHGXFWLRQ IDFWRU =IDFWRURQ WKHHUURUYDOXHVFRPSXWHG IRU=





































































 $IWHUKDYLQJFRPSXWHGDOO WKHPDWFKLQJFRQILGHQFHVRIRXUFXUUHQWRSWLFDO IORZYHFWRUILHOGZLWKWKH
LGHDOILHOGVZHGLYLGHWKHPLQHLJKW'PRYHPHQWFDWHJRULHVZHFDOOWKLVSDUWWKHFURVVFRQILGHQFH






DUH ORZHU WKDQ WKH SUHYLRXVO\ FDOFXODWHG PHDQ SOXV D FHUWDLQ WKUHVKROG ,W DOORZV WR DYRLG WKH
FODVVLILFDWLRQRIUDQGRPYHFWRUVILHOGVZKHUHWKHFRPSDULVRQVFRUHVZRXOGEHDOPRVWWKHVDPH:H








































































2XU FXUUHQW DYHUDJHG RSWLFDO IORZ YHFWRU ILHOG LV FRPSDUHG WR WKH LGHDOL]HG
YHFWRU ILHOGV ZLWK UHJDUGV WR WKH RXWSXW RI WKH SUHILOWHU SHUSHQGLFXODU
PRYHPHQWV RQO\ RU SDUDOOHO DQG SHUSHQGLFXODU PRYHPHQWV JLYLQJ XV WKH
FRQILGHQFHVLQWKHYDULRXVSRVVLEOHFDQGLGDWHPRYHPHQWV























ZKHQ JRLQJ IRUZDUG WR LW VKRXOG
WKHRUHWLFDOO\ OHDG LQDELJJHURSWLFDO
IORZDPRQJ WKH QLQH VXELPDJHV RI
WKH VFUHHQ LQ ZKLFK WKH REVWDFOH
DSSHDUVVHH)LJ































































 ZH GR QRW WDNH LQWR DFFRXQW WKH PRYHPHQW FODVVLILFDWLRQ HUURUV ZKHQ WKH\ RFFXU LQ D WUDQVLWLRQ RI
PRYHPHQW WKDWPHDQVWKDWZHZDLW IRU WKHILUVW IUDPHUHWXUQLQJDFRUUHFWPRYHPHQWFODVVLILFDWLRQIRUD
JLYHQPRYHPHQWWRVWDUWFRXQWLQJIDOVHFODVVLILFDWLRQV







• 7HVW  a FRUUHFW PRYHPHQW FODVVLILFDWLRQ IRU  IUDPHV ZLWKLQ D WRWDO RI    VWDUWLQJ IUDPHV
&RQFHUQLQJ REVWDFOH GHWHFWLRQ ZH FRUUHFWO\ GHWHFWHG WKH REVWDFOH GXULQJ  RI WKH IUDPHV  FRXQWLQJ
IUDPHV IURP WKHPRPHQWZKHQ WKH REVWDFOH LV ILUVW GHWHFWHG WR WKHPRPHQWZKHQ WKH REVWDFOH LVQ¶WPRUH
YLVLEOH )DOVH GHWHFWLRQV RFFXUUHG GXULQJ  RI WKH RWKHUV IUDPHV 7KH SHUFHQWDJH RI FRUUHFW REVWDFOH
GHWHFWLRQLVYHU\ORZEXWFRQVLGHULQJWKDWLW¶VHQRXJKWRVHHRQFHDQREVWDFOHWRDYRLGLWLWLVXVDEOH2QWKH
RWKHUKDQGKDYLQJRIWKHWLPHDIDOVHREVWDFOHGHWHFWLRQLVDSUREOHP+RZHYHUE\FDUHIXOO\ORRNLQJWKH




aFRUUHFWFODVVLILFDWLRQ IRU WKH ILUVWSDUWRIPRYHPHQW VHOHFWHG IUDPHVaIRU WKH OHIW WXUQ 











7KHRYHUDOOFRUUHFWFODVVLILFDWLRQRIPRYHPHQWV LVEHWWHU WKDQ7KHVH ILUVWZRUNVWDWLRQEDVHGUHVXOWVDUH UHDOO\
JRRG FRQVLGHULQJ WKH ORZ FRPSXWDWLRQ SRZHU ZH DUH XVLQJ 7KH REVWDFOH GHWHFWLRQ FDSDELOLW\ LV QRW VR HDVLO\
PHDVXUDEOHDQG LVPRUHDSUDFWLFDO UHVXOW WREH WHVWHG LQ UHDO URERWDSSOLFDWLRQVEXW UHVXOWVREWDLQHG LQ WHVWDUH
HQFRXUDJLQJ2IFRXUVHWKHHQYLURQPHQWZHFKRVHIRUWKHVHH[SHULPHQWVIXOILOOWKHUHTXLUHPHQWVQHHGHGIRURSWLFDO
IORZZKLFKPHDQVWKDW WKHFDPHUDZDVDOZD\VORRNLQJDWFRQWUDVWHGHQRXJKLPDJHVDQGWKDW OLJKWVRXUFHVZKHUH














































































































































































































































ZHGRQ¶WZDQW WRXVHD ODSWRSRUDQ\ZRUNVWDWLRQDV WKH µEUDLQ¶RIRXU URERWEXW UDWKHUDFDUGVL]HRQH$VD ILUVW






ZKHQ ORDGLQJSUHYLRXVO\VDYHG LPDJHVVHTXHQFHV IURPWKH+'%XWZKHQ WU\LQJ WRJHW UHDOWLPH LPDJHV IURPWKH





























,PDJHORDGLQJJUDEELQJ     
$OJRULWKP     
0RY5HFRJQLWLRQ     
2WKHUVHYHQWV     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DSSHDUHG WKDW SRLQWLQJ WR WKH JURXQG ZDV QRW UHOLDEOH DW DOO DV WKH JURXQG ZDV HLWKHU QRQWH[WXUHG RU LWV WH[WXUH






























2I FRXUVH DV ZH DUH QRW DEOH WR JHW UHOLDEOH LQIRUPDWLRQ DERXW WKHPDJQLWXGH RI WKH GLVSODFHPHQWV WKH
PRYHPHQWVRIRXUµVODYH¶URERWDUHRIWHQGLIIHUHQWIURPWKRVHRIWKHPDVWHUURERWGLIIHUHQWVSHHGDQGRUPDJQLWXGH
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WKHPRYHPHQWRI WKLV URERW VKRXOGEH 7KHVH SDWKVKDYH QRRWKHU YDOXHV WKDQ VKRZLQJ WKDW WKH VODYHPRYHPHQW
VKDSHLVDSSUR[LPDWHO\WKHVDPHDVWKHPDVWHURQHDQGPRUHRYHUWRVKRZWKDWHIILFLHQWTXDQWLWDWLYHPHDVXUHPHQW
FDQQRWEHDFKLHYHGZLWKWKHFXUUHQWDOJRULWKP
7KH ILUVWDQGVHFRQG WHVW )LJFDQGGKDYHEHHQPDGH LQ WKHVDPHHQYLURQPHQWDQGRQ WKHVDPH
FRXUVHHQYLURQPHQWFRPSDUDEOHWRWKHRQHRI WKHVWUDLJKWPRWLRQH[SHULPHQW7DEOH%	&EXW LQWKHILUVW
RQH WKH PRYHPHQW VSHHG ZDV  FPV IRU WUDQVODWLRQV DQG a°V IRU URWDWLRQV ZKHUHDV WKH VSHHG ZDV DOPRVW
GRXEOHGIRUWKHVHFRQGWHVW7KHWKLUGWHVWKDVEHHQFRQGXFWHGLQDFRPSOHWHO\GLIIHUHQWRIILFHOLNHHQYLURQPHQWVDPH
DV7DEOH$DQGWKHVSHHGRIWKHPDVWHUURERWZDVDSSUR[LPDWHO\WKHVDPHDVLQWKHILUVWH[SHULPHQW7KHPDLQ
GLIIHUHQFH EHWZHHQ WKH ILUVW H[SHULPHQWV DQG WKH WKLUG RQHZDV WKDW WKH HQYLURQPHQW ZDVPXFKPRUH µVPDOO¶ ,Q
H[SHULPHQWV	 WKHPHDQGLVWDQFH IURPWKHFDPHUD WRDQREVWDFOHZDVDOZD\V!PHWHUZKHUHDV LQ WKH WKLUG
H[SHULPHQWWKLVGLVWDQFHZDVDOZD\VPHWHU7KHPDLQSUREOHPZLWKVXFKDVPDOOGLVWDQFHEHWZHHQWKHFDPHUD




















 7UDQVLWLRQ HUURUVPDLQO\ RFFXU ZKHQ URWDWLQJ 7KH UHDVRQ LV WKDW WKHPRYLQJ DYHUDJHXVHG WR VPRRWK
PRYHPHQWV EULQJV D FHUWDLQ LQHUWLD WR SDVV IURPD µQRPRYHPHQW¶ WR D µOHIW¶ RU µULJKWPRYHPHQW¶ RQO\
,QGHHGWKHUHDUHDOZD\VVRPHIUDPHVZKHUHWKHDOJRULWKPRXWSXWV µ OHIWDQGIRUZDUG¶RU µEDFNZDUGDQG
OHIW¶LQVWHDGRIWKHUHDOµOHIW¶RQO\PRYHPHQW7KHVHIDOVHFODVVLILFDWLRQVFRPHPDLQO\IURPWKHIDFWWKDWZH
DUHPDNLQJ DPRYLQJ WHPSRUDO DYHUDJLQJ RI WKH RSWLFDO IORZ YHFWRUV 7KXV ZKHQ WKH URERW VWRSV IRU
H[DPSOHWKHYHFWRUVGRQ¶WIDOOLPPHGLDWHO\WRDPSOLWXGHEXWUDWKHUGLPLQLVKLQVL]HGXULQJDQXPEHURI






















 SUREOHPV PDLQO\ RFFXU ZKHQ URWDWLQJ ZKHUH LW LV GLIILFXOW WR KDYH D FRUUHFW HVWLPDWLRQ RI WKH
PDJQLWXGH RI WKH PRYHPHQW :H FDQ VHH LQ )LJ  F DQG G WKDW WKH ILUVW URWDWLRQ LV DOZD\V
XQGHUHVWLPDWHGZKHUHDVWKHVHFRQGRQHDSSHDUVWREHTXLWHZHOOUHSURGXFHG7KLVLVPDLQO\GXHWR
WKH SRRU UHSHDWDELOLW\ RI RXU DOJRULWKP ZKLFK LV GLUHFWO\ UHODWHG WR WKH EDFNJURXQG RQ ZKLFK WKH
FDPHUD LVSRLQWLQJ%HWZHHQ WKH WZRHGJH WXUQVRIRXU WHVWPRYHPHQW WKHEDFNJURXQGGLIIHUVDQG
GXULQJ WKH ILUVW URWDWLRQ WKH RSWLFDO IORZ FRPSXWDWLRQ LV OHVV EHWWHU FRPSXWHG OHDGLQJ WR HUURUV LQ
HVWLPDWLQJLWVPDJQLWXGH
 RQWKHRWKHUKDQGWUDQVODWLRQVVHHPWREHUDWKHUDFFXUDWHLQWHUPRIUHODWLYHGLVWDQFHUHSURGXFWLRQ













































GULIW 7KXV RXU URERW LV QHYHU JRLQJ VWUDLJKW LQ D VWDEOHZD\ EXW KDV D ]LJ]DJ VRUW RIPRWLRQZLWK WKH DPSOLWXGH
GXUDWLRQ RI WKH ]LJ]DJ EHLQJ GLUHFWO\ UHODWHG WR WKH VL]H RI WKHPRYLQJ DYHUDJH XVHG WR VPRRWK WKH RSWLFDO IORZ

























































RXU FXUUHQW DOJRULWKP FRXOG GLUHFWO\ EH XVHG DV D EDFNXS GHYLFH IRU WKH µPHFKDQLFDO¶ RGRPHWU\ ,W FRXOG GHWHFW





7KHILUVW WKLQJWRXQGHUVWDQGDERXWWKLVZRUN LV WKDW LWVDLPZDVWREHWKHVWDUWLQJSRLQWRID ORZFRVWPXOWL
SXUSRVHYLVLRQEDVHGVHQVRUIRUPRELOHURERWLFV:HFKRVHWRIRFXVRXUVHOYHVRQWKHXVHRIWKHRSWLFDOIORZVRZH
KDG WR GHYHORS DQ DOJRULWKP FDSDEOH RI FRPSXWLQJ RSWLFDO IORZ LQ D UHDO WLPH PDQQHU ZLWK FRPSXWDWLRQ SRZHU
OLPLWDWLRQV,QLWVDFWXDOFRQILJXUDWLRQSODFHPHQWRIWKHVXELPDJHVQXPEHURIRSWLFDOIORZYHFWRUV«RXUDOJRULWKP




 ODWHUDO REVWDFOH GHWHFWLRQ FDQ VXUHO\ EH LPSOHPHQWHG XVLQJ WKLV DOJRULWKP EXW ZLWK D GLIIHUHQW
SRVLWLRQLQJRIWKHVXELPDJHV)RUH[DPSOHE\ORRNLQJRQO\IRUWKHRSWLFDOIORZYHFWRUVRIWKHVLGHVRI
WKH LPDJHV VHH )LJ  DQG FRPSDULQJ WKH GLIIHUHQFH EHWZHHQ WKH OHIW DQG ULJKW YHFWRUV¶




 IURQWDOREVWDFOHGHWHFWLRQFRXOGEHGRQHWKHVDPHZD\XVLQJDVRUWRI ORRPLQJZHFRXOG MXVWXVH
WKHDFWXDO VXELPDJHFRQILJXUDWLRQDQGZKHQPRYLQJ WKH URERW IRUZDUGDWDQDSSUR[LPDWHNQRZQ
VSHHGGHFLGHZKHWKHUWKHUH¶VDQREVWDFOHLQIURQWRUQRWE\ORRNLQJDWWKHPDJQLWXGHRIWKHRSWLFDO



























 XVLQJ RXU DOJRULWKP IRU URERW ORFDOL]DWLRQ 2QH FDQ LPDJLQH WR KDYH D URERW ZLWK D PDS RI LWV
HQYLURQPHQW LQPHPRU\EXWQRVHQVRUWRSRVLWLRQ LWVHOIRQWKHPDS.QRZLQJWKHVWDUWSRLQWRI WKH




























































>@ $$ $UJ\URV ³5HDFWLYH URERW QDYLJDWLRQ D SXUSRVLYH DSSURDFK´ ,QVWLWXWH RI &RPSXWHU 6FLHQFH *UHHFH 	
&RPSXWHU9LVLRQDQG$FWLYH3HUFHSWLRQ/DERUDWRU\6ZHGHQ
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8QLYHUVLW\1HXURERWLFV/DE
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>@-0 :DOWRQ ³7HUUDLQ 0DSSLQJ IURP D 0RELOH 3ODWIRUP 7KURXJK 2SWLFDO )ORZ 7HFKQLTXHV´ 'HSDUWPHQW RI
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